Orthokeratology has reinforced its role as a viable option to correct low-to-moderate myopia during the last 10 years. 1 Current evidence that orthokeratology might slow down myopic progression has been found in at least four different studies and has increased the interest in this technique. [2] [3] [4] [5] The fitting procedure is predictable, 6 making thousands of patients independent of visual aids during the daytime. This expansion of the application of reverse geometry contact lenses to flatten the cornea overnight has allowed us to gain a better understanding of the histological and anatomical mechanisms of the procedure. A few complications have been associated with orthokeratology, including microbial keratitis, largely reported since 2005. 7 In contrast, other corneal changes considered clinically irrelevant and reversible, such as a pigmented ring, [8] [9] [10] fibrillary lines, 11, 12 white lesions 13 and other minor changes 5, 14, 15 have been reported.
The advent of a pigmented ring has attracted interest from the clinical community because this has been reported in a significant number of Asian patients from Hong Kong 9 and Taiwan. 8 This feature is similar to the Fleischer ring observed quite often in patients with keratoconus 16 and similar features have been reported after laser-assisted in situ keratomileusis (LASIK) surgery. 17 This article reports the observation of a pigmented ring in young adult Caucasian patients undergoing orthokeratology. Only a few cases of similar findings associated with orthokeratology have been published on non-Asian patients 18 and this is the first report of the condition in Europe.
CASE REPORTS
Two Caucasian patients, one male and one female, were fitted with orthokeratology lenses to correct myopia between -1.75 and -2.50 DS with Paragon CRT (corneal refractive therapy) lenses. Treatment was successful in both patients, achieving uncorrected monocular vision of 6/6 or better under high (100 per cent) and low (10 per cent) contrast conditions. At the six-month visit, both patients presented with a pigmented ring under slitlamp examination in both eyes. Visual acuity was recorded with the same high and low contrast retro-illuminated ETDRS (Early Treatment Diabetic Retinopathy Study) logMAR charts. Corneal topography was obtained with a Medmont E300 Corneal Topographer (Medmont Pty, Melbourne, Australia).
Patient 1 was a 30-year-old man fitted with orthokeratology lenses for the first time. Spherical refractive error was -2.50 D in both eyes. The remaining data are provided in Table 1 . Lenses fitted were Paragon CRT made of paflufocon D material (Dk = 100 barrer) from Paragon Vision Science. Figure 1 shows the fluorescein pattern with the lenses on the eye and the location of the pigmented ring seen under cobalt blue light. Figure 2 shows the tangential difference map of both eyes of patient 1. The location of the ring was quite consistent with the corneal area being flattened with the purpose of myopic correction. Clinical examination appeared normal.
Patient 2 was a 26-year-old woman fitted with orthokeratology for the first time. Spherical refractive error was -2.25 D in the right eye and -2.00 D in the left. The remaining data are provided in Table 1 . Lenses fitted were Paragon CRT made of paflufocon D material (Dk = 100) from Paragon Vision Science. Figure 3 shows the fluorescein pattern with the lenses on the eye and the location of the pigmented ring seen under cobalt blue light. Figure 4 shows the tangential difference map of both eyes of patient 2. Again, the location of the ring was apparently consistent with the corneal area being flattened with the purpose of myopic correction. Both patients were successful with the treatment for at least 12 months. Clinical examination appeared normal. Although this is an interesting finding, it does not seem to affect visual acuity, nor does it seem to be adverse in nature. Both patients were informed of their condition and neither chose to discontinue their overnight orthokeratology treatment.
DISCUSSION
A pigmented ring surrounding the treatment zone has been described as a relatively common condition in Asian patients undergoing overnight orthokeratology treatment; however, the condition had not been reported in non-Asian eyes, despite the spread of the treatment in countries such as The Netherlands, Spain and the United States of America. Indeed, there are very few reports in peer-reviewed literature about this condition. Cho and collegues 10 and Cho, Chui and Cheung 19 found that the condition was reversible after treatment interruption and also found a direct link between the treatment zone of the lens and the location of the ring. Interestingly, they found a reduction in the diameter of the ring when they reduced the optic zone/treatment zone diameter of the lens. This geographical relationship seems to be true in the cases reported here, which suggests that there might be a direct relationship between the area treated and the appearance of the ring. Assuming that the changes occurring during orthokeratology are essentially limited to the epithelium, 20,21 the pigmented ring might be a reflection of the 9 Orthokeratology results in redistribution of the corneal epithelium, the central corneal epithelium thins and the mid-peripheral corneal epithelium thickens. 20, 22, 23 The increased thickness of the epithelium in this area coupled with the decreased rate of desquamation seen in orthokeratology patients 24 may provide for tear and cellular stasis, which most likely causes an increased rate of basal retention and stress forces may cause more prominent cellular and extracellular matrix degradation. In turn, this higher rate may result in more pigmented aggregation in the mid-peripheral thickened area of the epithelium. Following this line of reasoning, there might be a parallel between the aetiology of the Fleischer ring occurring in keratoconic corneas, which is assumed to have its origin in the epithelial basal layer. Both conditions are similar in appearance but a direct link concerning aetiology cannot be established solely based on this observation and the limited cases being reported.
Pigmented corneal deposits in a ring or patch have also been observed following LASIK surgery. 17, 25 This pigmented region within the margin of the ablated zone may offer insights into the dynamics of epithelial cell hyperplasia, as well as basal cell proliferation, differentiation and migration after LASIK.
Consistent with other pigment lines, the pigmentation is not near the visual axis and does not alter visual acuity. Therefore, no treatment is necessary. It is neither sight-threatening nor clinically significant. Considering the potential of orthokeratology to slow myopic progression in children [2] [3] [4] and the long-term wearing associated with this treatment, the aetiology of this condition and the potential implications in the long-term must be further evaluated.
One limitation of this report is the few cases reported. These patients come from a cohort of 28 patients being fitted for a short-term study, some of whom continued wearing the lenses for six months and beyond. As final year university students, most of those continuing to use the lenses Pigmented ring in Caucasian ortho-k patients González-Méijome, González-Pérez, Garcia-Porta, Diaz-Rey and Parafita-Mato did their follow-up outside the Clinical and Experimental Optometry Research Laboratory. Of the 10 being followed up to the sixth-month visit, only the two reported here presented with a clinically evident pigmented ring. We cannot ensure that other patients of the same ethnicity will not have this condition and this deserves a closer observation during future visits by our clinical population. Although is not possible to provide a value for the incidence of this condition in nonAsian eyes from the present series, unpublished data from our group indicate that corneal iron deposits were present in 70 per cent of cases of overnight orthokeratology lens wear in Spain. Cho and colleagues 10 reported an incidence of 90 per cent after 12 months in Hong Kong. Vongthongsri, Chuck and Pepose 25 reported this finding in 42 per cent of LASIK patients. Furthermore, both studies found a positive correlation between the amount of pre-treatment myopia and the incidence of pigmented ring. In both patients reported here, the baseline refractive errors were relatively small. A similar ring formation (Fleischer's ring) has been found in 86 per cent of keratoconus patients in the CLEK study by Zadknik and colleagues 26 . Thus, there might be substantial variability in the incidence of a pigmented ring in patients with keratoconus or undergoing orthokeratology that can be affected by the examination conditions, but also to the intrinsic characteristics of the eye, such as iris colour, 27 that constitutes the background against which the ring is observed. In the present report, both patients had brown irises that might help to identify the presence of the pigmented ring.
A prospective clinical study should examine the occurrence of this condition in the general population undergoing orthokeratology. Correlations with baseline corneal curvature, corneal thickness and the target refractive correction might be analysed, looking for predictive variables for the manifestation of this condition. The potential involvement of the biomechanical rigidity of the cornea on the appearance of this condition will also be of interest. 28, 29 New technological advances, such as confocal microscopy or spectral domain optical coherence tomography 30 may shed light on the extent and location of this condition in the cornea and elucidate its aetiology and eventual clinical significance. Molecular studies are being done by our research group to elucidate potential correlates with its appearance.
